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Abstract 
We describe an electrochemical immunosensor for zearalenone (ZEA) determination 
in Amaranthus cruentus seeds by an enzyme immunoassay sandwich type. The device is 
based on a screen-printed carbon electrode (SPCE) modified with amino mesoporous silica 
(MCM-41) synthetized with Fe2O3 in situ. Mesoporous material enlarges the surface 
available for anti-ZEA antibodies immobilization. SPCE/MCM-41-Fe2O3 was characterized 
by scanning electron microscopy, energy dispersive X-ray spectroscopy, and cyclic 
voltammetry. 
ZEA in the sample previously pretreated was recognized and captured by anti-ZEA 
on SPCE/MCM-41-Fe2O3. Then, the horseradish peroxidase (HRP)-conjugated anti-ZEA-
antibody was added, and the substrate solution (H2O2 + 4-terbutylcatechol (4-TBC)) reacted 
with the HRP that catalyzed the oxidation of 4-TBC to 4-terbutylbenzoquinone (TBQ). 
Finally, the enzymatic product was detected at _100 mV, and the current was proportional to 
the ZEA present in the sample. 
The calibration plot exhibited a linear range from 1.88 to 45 ng mL-1, and the limit of 
detection was 0.57 ng mL-1 (r2 = 0.998). The coefficient of variation inter- and intra assay 
was below 6%. Our method achieved a good selectivity, stability and reproducibility for ZEA 
detection in A. cruentus seeds.  
 
 
 
Keywords: Electrochemical; immunosensor; mesoporous silica; zearalenone; 
Amaranthus cruentus seeds 
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1. Introduction 
Zearalenone (ZEA, also known as F-2 toxin) is a mycotoxin produced by several 
Fusarium species [1]. ZEA was found in cereal grains, feedstuff, and manufactured foods, 
through fungal contamination before/after harvest, during grain processing and storage [2, 
3]. ZEA is considered as an endocrine-disrupting compound (EDC), shows estrogen-like 
activity and can cause serious damage to the human reproductive systems. Despite its non-
steroidal structure, ZEA and its metabolites compete with endogenous steroids, activate 
estrogen receptors, and disrupt steroid synthesis and metabolism [4,5]. Its hydroxylated 
metabolite α-zearalenol has even higher estrogenic potency. 
EDCs are any environmental pollutant chemical that, once incorporated into an 
organism, affects the hormonal balance of several species including humans [6]. Moreover, 
in higher concentrations ZEA cause several health disorders such as hepatotoxicity, 
hematological toxicity, genotoxicity, immunotoxicity and neurotoxicity, and was classified 
as group III carcinogen by the International Agency for Research on Cancer [7]. In order to 
prevent and improve the public health, the tolerable levels of ZEN for different agricultural 
products have been established by national and international organizations. In Argentina, the 
allowed maximum level of ZEA is 200 µg kg-1 in maize, and in the European Union is 100 
µg kg-1 for cereals and 350 µg kg-1 for unprocessed maize [8,9]. 
Thus, developing a sensitive detection method to ensure food safety, as well as 
consumer’s health is vital. Various analytical techniques have been reported for the ZEA 
quantitative detection in several cereals, including high performance liquid chromatography 
(HPLC) - mass spectrometry [10-12], lateral flow immunoassays [13], aptasensors [14], 
biosensors [15], fluorescence [16], surface plasmon resonance (SPR) [17], and enzyme 
linked immunosorbent assays [18-20]. These procedures can detect ZEA with high 
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robustness and accuracy. However, such methods require expensive equipment, complicated 
sample preparation, and specialized staff. 
In recent years, immunoassay techniques, which are based on the highly specific 
molecular recognition of antigens by antibodies, have become an important analytical 
method in several fields [21, 22]. Furthermore, many electrochemical immunosensors for 
food safety analysis were developed, due to the electrochemical methods provides several 
useful properties including the required detection limit, fast analysis times, low cost of the 
instrumentation, low sample and reagent consumption, portability, ease of use, high 
sensitivity and selectivity [23, 24]. Screen-printing electrodes is one of the most promising 
approaches towards simple, rapid and inexpensive immunosensors production, and has 
advantages of flexibility design, automation process, and good reproducibility [25]. 
In the last years, different materials have been incorporated into electrochemical 
immunosensors as immobilization platforms for the specific immunogenic reagents. Porous 
silica materials have many advantages, such as the increase of the surface to volume ratio 
that increases interactions between the ZEA and anti-ZEA antibodies, and therefore low the 
detection limit [26]. We synthetized mesoporous silica (MCM-41) with Fe2O3 in situ, 
functionalized with amino groups, characterized (an increased surface and uniform porous) 
and used as immobilization platform for the anti-ZEA antibody. 
We describe the first electrochemical immunosensor for ZEA determination in A. 
cruentus seeds. This device was built on a screen-printed carbon electrode (SPCE) modified 
with MCM-41-Fe2O3, functionalized with anti-ZEA antibodies. SPCE/MCM-41-Fe2O3 was 
characterized by scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy 
(EDS), and cyclic voltammetry (CV). ZEA in the sample previously pretreated was 
recognized and captured by anti-ZEA on SPCE/MCM-41-Fe2O3. Then, the horseradish 
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peroxidase (HRP)-conjugated anti-ZEA-antibody was added, and the substrate solution 
(H2O2 + 4-terbutylcatechol (4-TBC)) reacted with the HRP that catalyzed the oxidation of 4-
TBC to 4-terbutylbenzoquinone (TBQ). Finally, the enzymatic product was detected at _100 
mV, and the obtained current was proportional to ZEA present in the sample. Our method 
exhibited good selectivity, stability and reproducibility for ZEA detection to ensure food 
safety, as well as consumer’s health.  
 
2. Materials and methods 
2.1. Reagents 
All reagents used were of analytical reagent grade. Glutaraldehyde (25% aqueous 
solution), methanol, ethanol, toluene, tetraethyl orthosilicate SiC8H20O4 (TEOS 98%) as the 
silica source, cetyltrimethylammonium bromide C16H33N(CH3)3Br (CTAB) as the surfactant, 
and 3-aminopropyl triethoxysilane (3-APTES) were purchased from Merck (Darmstadt, 
Germany). Iron(III) nitrate nonahydrate Fe(NO3)3∙9H2O was adquired from Anedra. Bovine 
serum albumin (BSA), and HCl (37% w/w) were purchased from Sigma-Aldrich (St. Louis, 
MO, USA). AgraQuant® Zearalenone Plus Test kit licensed by Roemer Labs®, Inc. (USA). 
Anti-Zearalenone (Anti-ZEA) antibody (mouse monoclonal [11C9] ab42123) to ZEA was 
purchased from abcam (USA), and used according to the manufacturer’s instructions. A. 
cruentus var. Candil seeds samples were provided by the Universidad Nacional de Río Cuarto 
(Río Cuarto, Córdoba, Argentina). All the other employed reagents were of analytical grade 
and were used without further purification. Aqueous solutions were prepared by using 
purified water from a Milli-Q system.  
 
2.2. Apparatus 
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Amperometric detection was performed with a BAS LC-4C electrochemical detector 
(Bioanalytical Systems, Inc. West Lafayette, IN, USA). A SPCE made up of three electrodes 
was used. A silver ink as pseudo-reference electrode, a graphite ink as auxiliary electrode 
and, a graphite ink circular (Ø = 3 mm) with and without modifications as working electrode 
were used for all the measurements (DropSens, Llanera, Asturias, Spain). 
The iron loading of the MCM-41-Fe2O3 was determined by atomic absorption 
spectrometry (SpectrAA 50, Varian). Infrared (FTIR) spectroscopic measurement was 
obtained in an LPHA FT-IR Spectrometer (Bruker), in a region from 2000 to 500 cm-1. 
Scanning Electron Microscopy (SEM) images were taken on a FEI “Quanta 200”. Textural 
characterization was carried out by N2 adsorption–desorption isotherms at 77 K using a 
manometric adsorption equipment (ASAP 2000, Micromeritics), where the samples were 
previously degassed at 150 °C for 20 h, up to a residual pressure smaller than 2 Pa. 
All solutions and reagent temperatures were conditioned before the experiment using 
a Vicking Masson II laboratory water bath (Vicking SRL, Buenos Aires, Argentina). 
Absorbance was detected by Bio-Rad Benchmark microplate reader (Japan) and Beckman 
DU 520 general UV/VIS spectrophotometer. All pH measurements were made with an Orion 
Expandable Ion Analyzer (Orion Research Inc., Cambridge, MA, USA) Model EA 940 
equipped with a glass combination electrode (Orion Research Inc). 
 
2.3. Synthesis and functionalization of amino MCM-41-Fe2O3 
MCM-41-Fe2O3 was synthesized by direct-synthesis method at room temperature 
without hydrothermal treatment according to a modification of the procedure reported by 
Barrera et al. (2011) [27]. The reagents used were CTAB (cetyltrimethylammonium bromide, 
C16H33N(CH3)3Br) as the surfactant, TEOS (Tetraethyl orthosilicate, SiC8H20O4) as the silica 
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source, Iron(III) nitrate nonahydrate (Fe(NO3)3∙9H2O) as the iron source, NaOH as the 
catalyst and water as the solvent. The molar ratio used for the MCM-41-Fe2O3 preparation 
were: 0.12CTAB:1TEOS:0.047Fe:0.6NaOH:100H2O. First, CTAB was suspended in 
deionized water and then mixed with an aqueous solution of 1 mol L-1 NaOH with vigorous 
stirring until a transparent solution was obtained. Subsequently, the TEOS and an aqueous 
solution of Fe(NO3)3∙9H2O were added drop-wise to this solution and kept under vigorous 
stirring for 24 h at room temperature. Then, the solids obtained were filtrated, washed with 
abundant deionized water until reaching a conductivity value smaller than 10 µS cm-1, dried 
at 60 °C for 12 h and calcined at 550 °C for 6 h at a heating rate of 1 °C min-1. 
Amino functionalization was prepared according to the following procedure. Firstly, 
1 mL of APTES (50 mmol L-1) was introduced to 1 g MCM-41-Fe2O3, and was stirring 
vigorously. Then, the mixture was refluxed at 80 °C for 6 h. Finally, the MCM-41-Fe2O3 was 
washed with toluene followed by ethanol, and dried at 60 °C for 12 h. Amino-MCM-41-
Fe2O3 was resuspended in distilled water and preserved at 4 °C stable for at least 3 months. 
 
2.4. Anti-ZEA immobilization in the amino MCM-41-Fe2O3 
The immobilization process of the anti-ZEA antibodies follow the next steps; 1 mL 
of 5% w/w glutaraldehyde solution (0.10 mol L-1 sodium phosphate buffer, pH 8.00) was put 
in contact with 15 µL amino-MCM-41-Fe2O3 over the SPCE, for 2 h at room temperature. 
After three washes with 0.01 mol L-1 phosphate buffer saline (PBS) pH 7.00, 250 µL of 
antibody preparation (dilution 1/500 -concentration previously evaluated- in 0.01 mol L-1 
PBS pH 7.00) was coupled to the residual aldehyde groups for 12 h at 4 °C. The immobilized 
antibody preparation was finally washed three times with PBS (0.01 mol L-1 pH 7.00) and 
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stored in the same buffer at 4 °C. Anti-ZEA/MCM-41-Fe2O3 was perfectly stable for at least 
1 month (Scheme 1). 
 
2.5. Sample preparation 
Zearalenone was detected for the first time as a natural contaminant in two samples 
of A. cruentus seeds provided by the Universidad Nacional de Río Cuarto (Río Cuarto, 
Córdoba, Argentina). Although there are more than fifty species of Amaranthus, the main 
species identified and with the possibility of becoming grain crops are: A. cruentus, A. 
audatus, and A. hypochondriacus. 
A. Cruentus is a pseudocereal with very small seeds, its cultivation and consumption 
is of great importance because of its high nutritional value, so like cereals, is susceptible to 
fungi toxigenic development. Firstly, the seeds were washed with double distilled water. 
Representative samples (approximately 10 g) were ground until a fine particle size. The 
powder was mixed with ethanol/H2O (2:1) solution for 2 h at room temperature. The extract 
was filtered through a Whatman #1 filter. Finally, several dilutions in 0.01 mol L-1 PBS pH 
7.00 were prepared and stored at 4 °C until use. 
 
2.6. Analytical procedure for ZEA quantification in A. cruentus seeds 
The procedure for the ZEA determination involves the following steps. Firstly, the 
electrochemical immunosensor was exposed to 1% BSA in 0.01 mol L-1 PBS pH 7.00 to 
block the unspecific binding by a 5 min treatment at room temperature and then was rinsed 
with 0.01 mol L-1 PBS pH 7.00 for 2 min. 
After that, the A. cruentus seeds samples (previously diluted 10-fold with 0.01 mol L-
1 PBS pH 7.00), was put in contact with the device for 5 min at room temperature. So, ZEA 
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was recognized and captured by anti-ZEA immobilized on the MCM-41-Fe2O3. In the next 
step, the immunosensor was washed with 0.01 mol L-1 PBS pH 7.00 for 2 min to remove 
sample excess. Later, HRP-anti-ZEA-antibody (diluted 1:500 with 0.01 mol L-1 PBS pH 
7.00) was added for 5 min, following by a washing step (2 min). Finally, the substrate 
solution (1 mmol L-1 H2O2 + 1 mmol L
-1 4-TBC in 0.01 mol L-1 phosphate-citrate buffer pH 
5.00) reacted with the HRP that catalyzed the oxidation of 4-TBC to TBQ. The enzymatic 
product was detected at _100 mV, and the current was proportional to the ZEA present in the 
sample (Scheme 2). 
Then, the electrochemical immunosensor was exposed to a desorption buffer (0.1 mol 
L-1 citrate-HCl pH 2.00) for 5 min and then was rinsed with 0.01 mol L-1 PBS pH 7.00 for 2 
min. This treatment was carried out in order to desorb the immune-complex and start with a 
new analysis. The sensor could be used with no significant loss of sensitivity for 20 days, 
whereas its useful lifetime was one month with a sensitivity decrease of 15%. When not in 
use the immunosensor was storage in 0.01 mol L-1 PBS pH 7.00 at 4 ºC. 
 
3. Results and discussion 
3.1. Textural characterization of MCM-41-Fe2O3 
The specific surface area (SBET) of materials under study was estimated by the 
Brunauer, Emmet and Teller (BET) method [28], using the adsorption data in the range of 
relative pressures from 0.05 to 0.13. The total pore volume (VTP) was determinated by the 
Gurvich’s rule at a relative pressure of 0.985. The micropore volume (VμP) and the narrow 
mesopore volume (VNMP) were calculated by the αS-plot method [29] using the 
LiChrospher Si-1000 macroporous silica gel [30] as the reference adsorbent. The pore size 
distribution of the MCM-41-Fe2O3 sample was obtained by NLDFT method with adsorption 
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branch data using the kernel for cylindrical pore geometry “N2 at 77 K on silica, cylindrical 
pore, NLDFT adsorption” [31] included in ASiQwin software, v. 2.0 (Quantachrome). 
Fig. 1a shows the FT-IR spectrum of the MCM-41-Fe2O3 sample (which present an iron load 
of 5.8 wt. %). In this spectrum, the bands at 660 cm-1 and 960 cm-1 correspond to the Si-O-
Fe species. In addition, the band observed at 580 cm-1 is related to the stretching vibration 
mode of Fe-O. The texture of the MCM-41-Fe2O3 sample was studied by means of N2 
adsorption-desorption at 77 K, as shown in Fig. 1b. According to the IUPAC classification 
[32], this sample exhibit a Type I(b) isotherm characteristic of porous materials which present 
supermicropores and narrow mesopores, as shown in Fig. 1c, where a bi-modal pore size 
distribution (with micropores and mesopores sizes around 1.3 nm and 2.5 nm, respectively) 
is observed. In addition, in the N2 adsorption isotherm (Fig. 1b), it is possible to observe a 
quickly increase the N2 adsorbed amount at high relative pressures (p/p0 > 0.9) corresponding 
to the N2 adsorption on larger mesopores or narrow macropores (i.e. interparticle porosity of 
the Fe2O3 agglomerates observed in the SEM micrographs). The Fe/MCM-41-Fe2O3 sample 
have the following textural properties: SBET: 660 m2 g-1, VP: 0.04 cm3 g-1, VNMP: 0.24 
cm3 g-1 and VTP: 0.48 cm3 g-1. 
The morphology of the pure MCM-41 and MCM-41-Fe2O3 samples are show in SEM 
(Fig. 2). The particles of both samples exhibited an approximate particle size of 1 µm, but 
the MCM-41-Fe2O3 present a surface roughness compared to pure MCM-41, which may be 
related to the Fe2O3 deposited (as agglomerates) outside of the MCM-41 structure. 
 
3.2. Electrochemical characterization of MCM-41-Fe2O3 
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MCM-41 was compared with the MCM-41-Fe2O3 in order to analyze the 
electrochemical behaviour of both mesoporous silica materials over the SPCE. As can be 
seen in Fig. 3, CVs of 1 mmol L-1 K3[Fe(CN)6]/K4[Fe(CN)6] in 0.1 mol L
-1 KCl (pH 6.50) 
solution were performed. K3[Fe(CN)6]/K4[Fe(CN)6] couple is a convenient and valuable tool 
to examine the characteristics of the modified surface. The figure shows the CVs of 
unmodified SPCE (red line), modified with MCM-41 (black line), and MCM-41-Fe2O3 (blue 
line), from -300 mV to +900 mV at a 75 mV s-1 scan rate. CVs well defined and 
characteristics of a diffusion controlled redox process were observed. 
As showed in the previous figure, the current intensities of the oxidation and reduction 
processes decrease when the electrode is modified with MCM-41. This behaviour occurs 
because the silica blocks the SPCE surface decreasing the current of the electrochemical 
couple. On the other hand, it can be observed that the behaviour of the silica modified with 
Fe+3 (MCM-41-Fe2O3) maintains and even improves the current of the electrochemical 
couple, because the presence of Fe2O3 improves the electronic transfer, so no loss of 
sensitivity in the detection was showed. 
 
3.3. Optimization of experimental variables 
Relevant studies of experimental variables that affect the electrochemical 
immunosensor performance for ZEA determination in A. cruentus seeds were studied. For 
this purpose, a ZEA standard solution of 15 ng mL-1 was employed. 
An important parameter to consider in the immunosensor optimization procedure is 
the pH. As shown in Fig. 4 a, the rate of enzymatic response was studied in the pH range 
from 2.00 to 7.00. As can be seen, the current increased until pH 5.00 and then remained 
constant until pH 7.00. So, the maximum value of activity was at 0.01 mol L-1 phosphate-
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citrate buffer pH 5.00. Another relevant parameter is the enzyme conjugate concentration. 
This factor was evaluated using HRP-anti-ZEA in 1:100, 1:250, 1:500, 1:750, 1:1000, and 
1:1500. The response rate increased with concentrated solutions until 1:500, where can be 
observed an increase in the sensitivity, later insignificant differences can be noted when the 
solutions of 1:250 and 1:100 were used. So, a HRP-conjugated concentration of 1:500 was 
used (Fig. 4 b). 
As can be seen in Fig. 4 c, the effect of varying H2O2 concentration was studied from 
0.1 to 1.5 mmol L-1 on the electrochemical immunosensor response. The optimum H2O2 
concentration was 1 mmol L-1. Finally, the 4-TBC concentration was analyzed between 0.1 
to 1.5 mmol L-1. A 1 mmol L-1 4-TBC concentration was used as optimum (Fig. 4 d). As seen 
for ZEA quantification, small reactive volumes and concentrations were required; this point 
is very important because the cost of reagents can be very expensive. Therefore, it has always 
been an aim to reduce reagents volume and increase sensitivity in all biological assays. 
 
3.4. Immunosensor analytical behavior 
A calibration curve with ZEA standard solutions for the electrochemical 
immunosensor was described according to the following equation: ΔI (nA) = 15.18 + 19.33 
[ZEA] (ng mL-1) with a correlation coefficient (r2) of 0.998 (Fig. 5). A linear relation was 
observed between the concentration range from 1.88 to 45 ng mL-1. The detection (LOD) and 
quantification (LOQ) limits were determined according to the IUPAC recommendations 
[37], achieving values of 0.57 and 1.73 ng mL-1, respectively. 
The coefficient of variation (CV%) for the determination of 15 ng mL-1 ZEA was 
4.67% (n= 6). The within-assay precision was tested with five measurements in the same run 
for each control. These series of five measurements were repeated for three consecutive days 
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to estimate between-assay precision. The CV% within-assay values was 5.15% and the 
between assay values was 5.91%. Moreover, the electrochemical immunosensor was 
compared with an ELISA for ZEA quantification in four A. cruentus seeds samples under the 
conditions previously described. The results demonstrated that both methods were 
statistically equal at a confidence level of 90% (Table 1). 
Moreover, the developed method was compared with other immunosensors for ZEA 
determination (Table 2). As can be seen, our analytical method has significant advantages, 
and this is the first electrochemical immunosensor for ZEA detection in A. cruentus seeds. 
The electrochemical immunosensor uses amperometry as detection technique, which offers 
high sensitive determinations in short analysis time, with a low consumption of reagents and 
samples, including a low cost equipment. In addition, our device incorporates the amino 
functionalized MCM-41 as immobilization platform for the anti-ZEA antibodies, which 
provides high specificity. Furthermore, the achieved limit of detection is lower than that 
obtained by the ELISA. 
 
4. Conclusions 
This article described the development of an electrochemical immunosensor for ZEA 
quantitative detection in A. cruentus seeds samples. Our analytical method is based on the 
anti-ZEA covalently immobilization on amino functionalized MCM-41-Fe2O3 over a SPCE. 
The assay time employed (less than 20 min) was shorter than the used for ELISA test kit (90 
min). The immunosensor offered several advantages like high stability, selectivity and 
sensitivity. In conclusion, our device is an excellent analytical tool for the ZEA quantification 
in A. cruentus seeds avoiding health human problems and serious economic losses. 
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Figure captions 
 
Scheme 1. Procedure for anti-ZEA-MCM-41-Fe2O3 preparation. 
 
Scheme 2. Procedure for ZEA quantification. 
 
Fig. 1. Characterization of MCM-41-Fe2O3. a) FT-IR spectrum of MCM-41-Fe2O3, b) N2 
adsorption-desorption isotherm at 77 K, and (c) Pore size distribution of MCM-41-Fe2O3. 
 
Fig. 2. SEM micrographs of (a) pure MCM-41, and (b) MCM-41-Fe2O3. 
 
Fig. 3. Electrochemical characterization of the different modified electrodes. CVs were 
performed in 1 mmol L-1 K3[Fe(CN)6]/K4[Fe(CN)6] in 0.1 mol L
-1 KCl (pH 6.50) solution 
from -300 mV to +900 mV at a 75 mV s-1 scan rate. 
 
Fig. 4. Optimization of experimental conditions. a) pH of phosphate-citrate buffer, b) HRP-
anti-ZEA concentration, c) H2O2 concentration, and d) 4-TBC concentration. 
 
Fig. 5. Calibration curve for ZEA from 1.88 to 45 ng mL-1, ΔI (nA) = 15.18 + 19.33 [ZEA] 
(ng mL-1), with a correlation coefficient of 0.998, and the detection limit is 0.57 ng mL-1. 
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Scheme 2 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Table 1. Comparison between the electrochemical immunosensor and ELISA for ZEA 
quantification. 
Samplesa Methods 
EIb ELISAc 
S 1   3.15d + 0.11e   3.81 + 0.14 
S 2   9.21 + 0.21   9.32 + 0.29 
S 3 19.46 + 0.48 19.97 + 0.31 
S 4 35.87 + 0.37 35.18 + 0.54 
S C   -   - 
a A. cruentus seeds samples (S 1-4), and the negative control sample (S Control) 
b Electrochemical immunosensor 
c Enzyme immunoassay 
d ng mL-1 
e Mean of five determinations + S.D. 
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Table 2. Comparison of recently immunosensors for ZEA determination. 
Method Materials Sample LODa Reference 
Amperometry Multiwall carbon nanotubes Corn 0.77 [33] 
Fluorescence Pore glass-Prot A Corn 0.007 [34] 
Amperometry Magnetic microparticles Feedstuffs 0.41 [35] 
Amperometry Paramagnetic beads Baby food 0.007 [36] 
Amperometry MCM-41-Fe2O3 Seeds 0.57 This method 
a (ng mL-1) 
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Highlights 
 We describe the first electrochemical immunosensor for ZEA determination in 
Amaranthus cruentus seeds. 
 The device is based on a screen printed carbon electrode (SPCE) modified with amino 
mesoporous silica (MCM-41) synthetized with Fe2O3 in situ. 
 Mesoporous material enlarges the surface available for anti-ZEA antibodies 
immobilization. 
 The method exhibits good selectivity, stability and reproducibility for ZEA detection 
to ensure food safety, as well as consumer’s health. 
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